Lack of adequate sleep has become increasingly common in our 24/7 society. Unfortunately diminished sleep has significant health consequences including metabolic and cardiovascular disease and mental disorders including depression. The pathways by which reduced sleep adversely affects physiology and behavior are unknown. We found that 6 h of sleep deprivation in adult male rats induces changes in neuronal activity in the lateral hypothalamus, the paraventricular nucleus, the arcuate nucleus and the mammillary bodies. Surprisingly, these alterations last for up to 48 h. The data show that sleep loss has prolonged effects on the activity of multiple hypothalamic areas. Our data indicate also that measuring electroencephalographic slow wave activity underestimates the amount of time that the hypothalamus requires to recover from episodes of sleep deprivation. We propose that these hypothalamic changes underlie the well-established relationship between sleep loss and several diseases such as metabolic disorders, stress and depression and that sufficient sleep is vital for autonomic functions controlled by the hypothalamus.
Introduction
In humans, sleep loss can have widespread detrimental effects on health and is shown to be a risk factor for several diseases (Lim and Dinges, 2010; Grandner et al., 2010; Ma et al., 2015; Schmid et al., 2015; Aguirre, 2016) . Chronic sleep loss is associated with deficits in attention, cognition, immune function, metabolism, mood, and cardiovascular function (Grandner et al., 2010; Ma et al., 2015; Schmid et al., 2015) . For example, insufficient sleep is associated with decreases in the satiety hormone leptin, increases in the hunger-stimulating hormone ghrelin and increases in appetite (Spiegel et al., 2009; Hanlon and Van Cauter, 2011; Schmid et al., 2015) . Combined with our modern obesogenic environment, this physiological state leads to overeating and ultimately overweight and obesity (Schmid et al., 2015) . Even one night of sleep loss can acutely impair both executive functions and cognitive learning (Lim and Dinges, 2010) and alter metabolic hormonal balance (Leproult et al., 1997; Spiegel et al., 2009; Hanlon and Van Cauter, 2011) . On the other hand, sleep loss can have a profound positive effect on mood in clinically depressed patients (Dallaspezia and Benedetti, 2015) .
fMRI studies in humans investigating the effects of sleep deprivation on health have focused mainly on cortical structures leaving the potential contribution of subcortical brain areas largely unexplored (Ma et al., 2015) . The hypothalamus plays a major role in regulating physiological and behavioral responses by sensing the body's internal state and altering the electrical activity of hypothalamic neurons, thereby regulating the activity of other brain areas in order to maintain homeostasis (Sternson, 2013) . Within the hypothalamus, the lateral hypothalamus (LH) as well as the arcuate nucleus (ARC) integrate diverse systemic and neuronal inputs in order to regulate metabolism and feeding behavior (Berthoud and Münzberg, 2011) while the paraventricular nucleus (PVN) and the mammillary bodies (MB) have been involved respectively in the control of the endocrine component of the stress response (Füzesi et al., 2016) and learning and memory (Vann and Aggleton, 2004) . Because all the physiological functions controlled by these hypothalamic nuclei are known to be adversely affected by sleep loss (Lim and Dinges, 2010; Grandner et al., 2010; Ma et al., 2015; Schmid et al., 2015; Aguirre, 2016) , we investigated in adult Wistar rats the acute and long-term effects of a 6-h of sleep deprivation (SD) on electrical multi-unit activity (MUA), as a measure of neuronal activity in the LH (n = 20 animals), the PVN (n = 7), the ARC (n = 8) and the MB (n = 7; Fig. S1 ). In addition, electroencephalogram (EEG) and electromyogram (EMG) recordings were performed simultaneously in order to investigate changes in sleep and waking before, during, and after SD.
